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@  Electrical  energy  source  apparatus. 

@  A  self-contained  electrical  energy  source  apparatus,  parti- 
cularly  embodied  as  a  linear  array  of  interconnected  battery  cells, 
includes  a  housing  (6)  having  the  cells  (30,  32,  34,  36)  linearly 
disposed  therein.  At  the  two  ends  (22,  24)  of  the  housing, 
mechanical  connectors  (1  0,  1  2)  are  provided  for  coupling  with  the 
apparatus  to  be  energized  by  the  energy  source  and  for  coupling 
with  additional  energy  sources  in  a  selectable  electrical  series 
and/or  electrical  parallel  configurations.  The  electrical  potential 
provided  by  the  batteries  within  the  housing  is  connected  to  both 
connectors  through  separate  conductive  paths  (70)  which  include 
folded  conductors  (72)  that  permit  the  conductors  to  be  deformed 
in  response  to  forces  that  might  act  upon  the  conductors. 
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ELECTRICAL  ENERGY  SOURCE  APPARATUS 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   t o  

e l e c t r i c a l   e n e r g y   s o u r c e s   and  more  p a r t i c u l a r l y ,   b u t   n o t  

by  way  of  l i m i t a t i o n ,   t o   i n t e r c o n n e c t   i b l e   b a t t e r y   p a c k a g e s  
f o r   a  d o w n h o l e   t o o l   u s e d   in   an  o i l   or  gas   w e l l .  

5  The  n e e d   f o r   e l e c t r i c a l   e n e r g y   s o u r c e s   i s ,   o f  

c o u r s e ,   w i d e s p r e a d .   In  p a r t i c u l a r ,   b a t t e r y   p a c k s   or  o t h e r  

p o r t a b l e ,   s e l f - c o n t a i n e d   e l e c t r i c a l   power   s o u r c e s   a r e  
n e e d e d   f o r   a l l   t y p e s   of  p o r t a b l e   e l e c t r i c a l   a p p a r a t u s   s u c h  

as  p o r t a b l e   t e l e v i s i o n s ,   r a d i o s   and  v i d e o   r e c o r d e r s .   One  

10  o t h e r   s p e c i f i c   u s a g e   i s   w i t h   e l e c t r i c a l   d o w n h o l e   t o o l s ,  

s u c h   as  a  d o w n h o l e   p r e s s u r e   and  t e m p e r a t u r e   g a u g e   or  a  

p e r f o r a t i n g   gun ,   u s e d   in   m a k i n g ,   c o m p l e t i n g   and  p r o d u c i n g  
o i l   and  gas   w e l l s .   I t   i s   t o   t h i s   l a s t - m e n t i o n e d   s p e c i f i c  
n e e d   t h a t   t h e   p r e s e n t   i n v e n t i o n   i s   p a r t i c u l a r l y   a d d r e s s e d ;  

15  h o w e v e r ,   i t   i s   c o n t e m p l a t e d   t h a t   t h e   p r e s e n t   i n v e n t i o n  

can  be  a d a p t e d   f o r   more  g e n e r a l   u s a g e   a p p l i c a b l e   to   a  

v a r i e t y   of  o t h e r   t y p e s   of  e l e c t r i c a l   a p p a r a t u s .  

P r i o r   e l e c t r i c a l   e n e r g y   s o u r c e s   d e s i g n e d   f o r  

d o w n h o l e   t o o l s   have   u t i l i z e d   e l e c t r i c a l   c o n n e c t i o n s   t h a t  

20  a r e   d i f f i c u l t   to   u se   or  t h a t   a r e   u n r e l i a b l e   in  p a r t i c u l a r  

a p p l i c a t i o n s .   Such  d e s i g n s   h a v e   i n c l u d e d   one  or  m o r e  

b a t t e r i e s   h a r d - w i r e d   to   t h e   c i r c u i t   to   be  e n e r g i z e d ,   t h e r e b y  

m a k i n g   i t   d i f f i c u l t   to   r e p l a c e   b a t t e r i e s   and  t h e r e b y  

p l a c i n g   c a p a c i t y   l i m i t a t i o n s   on  how  l o n g   t h e   c i r c u i t   can   b e  

25  e n e r g i z e d .   O t h e r  
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designs  have  used  mechanical   connec t ions ,   such  as  by  means 

of  banana  jacks  or  set  screws,  which  are  more  r ead i ly   i n t e r -  

changeable  than  the  hard-wired   designs?  however,  t h e s e  

mechanical   connect ions   have  been  found  to  provide  u n r e l i a b l e  

5  mechanica l ,   and  consequent ly   u n r e l i a b l e   e l e c t r i c a l ,   connec -  

t i o n s ,   at  l e a s t   in  c e r t a i n   a p p l i c a t i o n s .   Some  designs  have 

inc luded  a  number  of  b a t t e r i e s   or  c e l l s   l i n e a r l y   arranged  i n  

a  tube,   in  a  manner  analogous  to  b a t t e r i e s   in  a  f l a s h l i g h t ;  

however,  such  ar rays   have  not  been  r e a d i l y   and  s e l e c t a b l y  

10  c o n n e c t i b l e   in  both  s e r i e s   and  p a r a l l e l   c o n f i g u r a t i o n s   w i t h  

a d d i t i o n a l   tubes  of  b a t t e r i e s .  

Although  such  p r io r   designs  have  been  useful   w i t h i n  

t h e i r   l i m i t a t i o n s ,   the re   is  the  need  for  an  improved  e l e c -  

t r i c a l   energy  source  tha t   overcomes  the  a f o r e m e n t i o n e d  

1  5  shor tcomings  .  That  is  ,  there   is  the  need  for  an  improved 

e l e c t r i c a l   energy  source  tha t   can  be  used  in  a  v a r i e t y   o f  

tools   and  tha t   can  be  r e a d i l y   connected  to  and  d i s c o n n e c t e d  

from  them  through  p o s i t i v e ,   r e l i a b l e   mechanical   c o n n e c t o r s .  

Such  a  source  should  be  packaged  in  a  uniform  nature  so  t h a t  

20  i t   is  r e a d i l y   i n t e r c h a n g e a b l e   and  i n t e r c o n n e c t i b l e   w i t h  

other  ones  of  a  s imi l a r   design.   Such  i n t e r c o n n e c t a b i l i t y  

should  also  allow  two  or  more  packages  to  be  c o n n e c t e d  

e i t h e r   in  e l e c t r i c a l   s e r i e s   or  in  e l e c t r i c a l   p a r a l l e l   or  a 

combinat ion  of  the  two.  

25  of  p a r t i c u l a r   s i g n i f i c a n c e   for  the  s p e c i f i c   a p p l i c a t i o n  

in  combination  with  a  downhole  too l ,   but  also  of  g e n e r a l  
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value,   is  the  need  for  such  a  source  to  be  compact,  and 

r e l a t i v e l y   simply  but  s t u r d i l y   c o n s t r u c t e d .   Because  s i g n i -  

f i c a n t   forces   can  be  encountered   in  a  downhole  e n v i r o n m e n t ,  

for  example,  such  as  from  a  p e r f o r a t i n g   gun  with  which  t h e  

5  p resen t   invent ion   is  contemplated  to  be  u se fu l ,   the  e l e c t r i -  

cal  conductors   within  the  source  should  be  conf igured  t o  

deform  in  response  to  such  forces  without  breaking  t h e  

e l e c t r i c a l   c o n t i n u i t y .  

10 

The  p resen t   invent ion   overcomes  the  above-noted  and 

other  shortcomings  of  the  p r io r   art   by  provid ing   a  novel  and 

improved  e l e c t r i c a l   energy  source  and  method  of  a s sembl ing  

the  same.  The  p resen t   inven t ion   is  v e r s a t i l e   in  that   it  can 

15  be  adapted  for  use  with  a  v a r i e t y   of  types  of  e l e c t r i c a l  

appara tus .   It  u t i l i z e s   r e l i a b l e ,   e a s y - t o - u s e   m e c h a n i c a l  

connectors   ,  and  it  has  a  uniform  c o n s t r u c t i o n   which  can  be 

i n t e r c o n n e c t e d   through  such  mechanical  connectors   in  e l e c -  

t r i c a l   s e r i e s   and  e l e c t r i c a l   p a r a l l e l   combinat ions .   The  p r e -  

20  sent  inven t ion   is  compact,  and  it  is  r e l a t i v e l y   simply  bu t  

s t u r d i l y   c o n s t r u c t e d .   Deformable  e l e c t r i c a l   conductors   a r e  

used  so  tha t   l e n g t h - a f f e c t i n g   forces  can  be  wi ths tood  w i t h -  

out  breaking  e l e c t r i c a l   c o n t i n u i t y   within  the  e l e c t r i c a l  

energy  s o u r c e .  

2  5  In  genera l ,   the  b a t t e r y   package  design  descr ibed   more 

p a r t i c u l a r l y   here inbelow  uses  simple  connectors   on  both  ends 



0 2 3 5 9 7 6  

of  an  e longated   housing  to  provide  both  e l e c t r i c a l   and 

mechanical   connect ions   r e l i a b l y   and  simply.  B a t t e r i e s   c o n -  

t a ined   within  the  housing  provide  vo l tages   and  c a p a c i t i e s  

which  may  be  inc reased   by  s t r i n g i n g   a d d i t i o n a l   ba t t e ry   packs  

5  t oge the r   in  e l e c t r i c a l   s e r i e s   and  p a r a l l e l   c o m b i n a t i o n s .  

I n d i v i d u a l   b a t t e r i e s   or  ce l l s   within  each  housing  may  be 

connected  in  s e r i e s ,   p a r a l l e l   or  s e r i e s / p a r a l l e l   combina-  

t ions   to  obtain  des i red   vo l tages   and  c a p a c i t i e s   within  each  

package  of  the  p resen t   i n v e n t i o n .  

10  This  p resen t   invent ion   broadly  comprises  a  hous ing ;  

power  supply  means,  disposed  in  the  housing,   for  p r o v i d i n g  

an  e l e c t r i c a l   p o t e n t i a l ;   f i r s t   connector  means  a t t ached   t o  

the  housing;  and  second  connector   means  a t t ached   to  t h e  

housing.   The  e l e c t r i c a l   energy  source  also  includes   conduc-  

ts  tor  means  for  connect ing  the  power  supply  means  to  the  two 

connector   means  so  that   the  e l e c t r i c a l   p o t e n t i a l   is  a p p l i e d  

across  two  r e s p e c t i v e   po r t ions   of  each  of  the  c o n n e c t o r  

means  . 

In  i t s   p a r t i c u l a r   a p p l i c a t i o n   with  a  downhole  t o o l  

20  having  an  e l e c t r i c a l   c i r c u i t   connected  to  a  mechanical   c o n -  

nec to r ,   the  f i r s t   connector   means  is  a t t ached   to  one  end  of  

the  housing  and  to  the  power  supply  means  for  m e c h a n i c a l l y  

coupling  with  the  mechanical   connector   of  the  downhole  t o o l  

so  tha t   the  e l e c t r i c a l   p o t e n t i a l   of  the  power  supply  means 

2  5  is  connected  t he re th rough   to  the  e l e c t r i c a l   c i r c u i t   of  t h e  

downhole  too l .   The  second  connector   means  is  a t t ached   t o  
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the  other  end  of  the  housing  and  to  the  power  supply  means 

for  mechanica l ly   coupling  with  another  source  of  e l e c t r i c a l  

energy  s imi la r   to  th is   def ined  source  of  e l e c t r i c a l   e n e r g y .  

The  p resen t   invent ion   also  provides  a  p a r t i c u l a r   method 

5  of  assembling  the  e l e c t r i c a l   energy  source,   c o m p r i s i n g :  

connect ing  a  l i nea r   array  of  b a t t e r i e s   in  e l e c t r i c a l   com- 

b ina t ion   so  that   a  f i r s t   e l e c t r i c a l   p o t e n t i a l   t e rmina l   i s  

defined  and  so  that   a  second  e l e c t r i c a l   p o t e n t i a l   t e r m i n a l  

is  def ined;   p lacing  a  f i r s t   s t r i p   of  i n s u l a t i n g   m a t e r i a l  

10  lengthwise   along  the  b a t t e r i e s   between  the  ends  t h e r e o f ;  

p lac ing   a  second  s t r i p   of  i n s u l a t i n g   m a t e r i a l   l e n g t h w i s e  

along  the  b a t t e r i e s   between  the  ends  t h e r e o f ;   p lac ing   a 

f i r s t   e l e c t r i c a l   conductor  along  the  f i r s t   s t r i p   of  i n s u -  

l a t i n g   ma te r i a l   and  connect ing  the  f i r s t   e l e c t r i c a l   conduc-  

15  tor.  to  the  f i r s t   e l e c t r i c a l   p o t e n t i a l   t e r m i n a l ;   p lac ing   a 

second  e l e c t r i c a l   conductor  along  the  second  s t r i p   of  i n s u -  

l a t i n g   ma te r i a l   and  connect ing   the  second  e l e c t r i c a l   conduc-  

tor  to  the  second  e l e c t r i c a l   p o t e n t i a l   t e r m i n a l ;   i n s e r t i n g  

into  a  housing  the  assembly  inc lud ing   the  b a t t e r i e s ,   the  two 

20  s t r i p s   of  i n s u l a t i n g   m a t e r i a l   and  the  two  e l e c t r i c a l   conduc-  

to r s ;   a t t a c h i n g   a  f i r s t   connector   to  the  f i r s t   and  second 

e l e c t r i c a l   conductors   and  to  the  housing;  and  a t t a c h i n g   a 

second  connector  to  the  f i r s t   and  second  e l e c t r i c a l   conduc-  

tors  and  to  the  housing.  This  method  f u r t h e r   compr i se s  

2  5  a t t ach ing   another  e l e c t r i c a l   energy  source  to  the  second  

connector  so  that   such  other  e l e c t r i c a l   energy  source  i s  
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connected  through  the  second  connector  in  e l e c t r i c a l   s e r i e s  

or  e l e c t r i c a l   p a r a l l e l   with  the  b a t t e r i e s   connected  to  t h e  

second  c o n n e c t o r .  

There fore ,   from  the  fo regoing ,   it   is  a  general   ob jec t   o f  

5  the  p re sen t   invent ion   to  provide  a  novel  and  improved  s o u r c e  

of  e l e c t r i c a l   energy  and  method  of  assembling  the  same. 

Other  and  f u r t h e r   ob j ec t s ,   f e a tu r e s   and  advantages  of  t h e  

p resen t   invent ion   will   be  r e a d i l y   apparent   to  those  s k i l l e d  

in  the  art   when  the  fol lowing  d e s c r i p t i o n   of  the  p r e f e r r e d  

1  0  embodiments  is  read  in  con junc t ion   with  the  accompanying 

drawings  . 

FIG.  1  is  a  l o n g i t u d i n a l   s e c t i o n a l   view  of  a  p r e f e r r e d  

1  5  embodiment  of  the  e l e c t r i c a l   energy  source  of  the  p r e s e n t  

inven t ion   . 

FIG.  2  is  a  schematic  c i r c u i t   diagram  of  the  e l e c t r i c a l  

c i r c u i t   within  the  p r e f e r r e d   embodiment  shown  in  FIG.  1 .  

FIG.  3  i l l u s t r a t e s   an  i n t e r c o n n e c t i o n   between  b a t t e r i e s  

20  within  the  p r e f e r r e d   embodiment  shown  in  FIG.  1 .  

FIG.  4  is  an  end  view  of  the  b a t t e r i e s   as  taken  a l o n g  

l ine   4-4  shown  in  FIG.  1 .  

FIG.  5  is  an  end  view  of  the  b a t t e r i e s   as  taken  a l o n g  

l ine   5-5  shown  in  FIG.  1 .  

25  FIG.  6  is  a  p a r t i a l   assembly  view  showing  a  c o n n e c t o r  

connected  to  the  b a t t e r i e s   within  the  p r e f e r r e d   embodiment 
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shown  in  FIG.  1. 

FIG.  7  is  a  p a r t i a l   assembly  view  showing  another  c o n -  

nector  connected  to  the  b a t t e r i e s   of  the  p r e f e r r e d   embodi-  

ment  shown  in  FIG.  1.  

5  FIG.  8  is  a  schematic  c i r c u i t   diagram  showing  two  of  t h e  

uni ts   dep ic ted   in  FIG.  1  connected  in  e l e c t r i c a l   p a r a l l e l .  

FIG.  9  is  a  schematic  c i r c u i t   diagram  showing  an  a l t e r -  

na t ive   embodiment  wherein  i nd iv idua l   ce l l s   within  each  u n i t  

are  connected  in  e l e c t r i c a l   p a r a l l e l   and  fu r the r   showing  two 

10  such  uni ts   connected  in  e l e c t r i c a l   p a r a l l e l .  

FIG.  10  is  a  schematic  c i r c u i t   diagram  showing  s t i l l  

another  a l t e r n a t i v e   embodiment  whereby  two  or  more  i n d i v i -  

dual  units   c o n s t r u c t e d   in  accordance  with  the  p resen t   i n v e n -  

t ion  can  be  s e l e c t a b l y   connected  in  e l e c t r i c a l   s e r i e s   o r  

15  e l e c t r i c a l   p a r a l l e l   or  used  in  a  s t and-a lone   c o n f i g u r a t i o n .  

The  p r e f e r r e d   embodiment  i l l u s t r a t e d   in  FIGS.  1-7  d e f i -  

nes  the  e l e c t r i c a l   energy  source  of  the  present   inven t ion   as  

20  a  ba t t e ry   pack  or  package  2.  The  pack  2  is  i l l u s t r a t e d   a s  

being  connected  to  a  downhole  tool  4,  such  as  an  e l e c t r o n i c  

p ressure   and  tempera ture   gauge  or  an  e l e c t r o n i c   p e r f o r a t i n g  

gun;  however,  both  th is   p r e f e r r e d   embodiment  and  the  o v e r a l l  

concept  of  the  p resen t   invent ion   can  be  adapted  for  o t h e r  

2  5  uses.  The  pack  2  is  cons t ruc t ed   so  that   it  can  also  be  c o n -  

nected  to  a d d i t i o n a l ,   s imi l a r   packs,  one  of  which  is  i n d i -  
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cated  in  FIG.  1  and  i d e n t i f i e d   by  the  r e fe rence   numeral  2a .  

The  FIG.  1  p r e f e r r e d   embodiment  comprises  a  housing  6,  

power  supply  means  8  for  providing  an  e l e c t r i c a l   p o t e n t i a l ,  

two  connector   means  for  connecting  with  the  item  which  is  t o  

5  be  energ ized   and  for  connect ing  with  a d d i t i o n a l   b a t t e r y  

packs  as  de s i r ed .   These  connector  means  are  gene ra l ly   i d e n -  

t i f i e d   in  the  drawings  by  the  r e fe rence   numerals  10,  12.  

The  b a t t e r y   pack  2  also  comprises  conductor  means  for  con-  

nec t ing   the  power  supply  means  to  the  two  connector  means 

10  10,  12  so  tha t   the  e l e c t r i c a l   p o t e n t i a l   of  the  power  s u p p l y  

means  is  appl ied   across  two  r e s p e c t i v e   por t ions   or  t e r m i n a l s  

of  each  of  the  two  connector  means  10,  12.  The  conduc to r  

means  is  s c h e m a t i c a l l y   shown  in  FIG.  2  as  inc luding   two 

s e p a r a t e   e l e c t r i c a l l y   conduct ive   paths  14  ,  16  a s s o c i a t e d  

15  with  d i f f e r e n t   po r t ions   of  the  power  supply  means  at  d i f f e r -  

ent  r e l a t i v e   p o t e n t i a l   l eve l s   or  p o l a r i t i e s .   These  e l emen t s  

wi l l   be  more  p a r t i c u l a r l y   descr ibed   with  r e fe rence   to  FIGS. 

1-7.  Subsequen t ly ,   exemplary  a l t e r n a t i v e   c o n f i g u r a t i o n s   w i l l  

be  desc r ibed   with  r e f e rence   to  FIGS.  8-10.  

20  The  housing  6  includes  an  e longated ,   l i n e a r l y   e x t e n d i n g  

tube  18  having  an  inner  sur face   20  def in ing   a  hollow  i n t e r -  

ior  extending  between  two  opposi te   ends  22,  24  of  the  t u b e  

18  .  The  inner  sur face   20  is  c y l i n d r i c a l   and  has  an  i n n e r  

diameter   26  which  is  p r e f e r a b l y   to  be  mainta ined  at  a  m i n i -  

25  mal  t o l e r a n c e   r e l a t i v e   to  the  power  supply  means  8  and  t h e  

conductor  means  14,  16  so  that   the  inner  diameter  26  of  t h e  
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tube  18  is  s u b s t a n t i a l l y   equal  to  an  outer  diameter  28  o f  

the  power  supply  means  8  whereby  the  outer  diameter  of  t h e  

tube  18  can  be  s u b s t a n t i a l l y   minimized.  " S u b s t a n t i a l l y  

equal"  means  that   a  minimal  t o l e r ance   between  the  d i a m e t e r s  

5  26  ,  28  is  to  be  mainta ined  in  the  p r e f e r r e d   embodiment  o f  

the  present   invent ion   in  that   no  epoxy  or  other  adhesive  i s  

to  be  f i l l e d   in  any  gaps  between  the  power  supply  means  8 

and  the  inner  surface  20,  which  is  d i s t i n g u i s h a b l e   from  some 

pr io r   designs  of  other  types  of  ba t t e ry   packages  wherein  an 

10  adhesive  ma te r i a l   is  appl ied   along  the  length  of  the  b a t -  

t e r i e s   used  the re in   as  i ts   power  supply.  Thus,  such  minimal 

t o l e r a n c e   in  this   p r e f e r r e d   embodiment  is  to  accommodate 

only  the  conductor  means  14,  16  and  a s s o c i a t e d   i n s u l a t i o n  

layers   descr ibed   hereinbelow.   Thus,  the  p r e f e r r e d   embodi-  

1  5  ment  of  the  p resen t   invent ion   provides  for  a  more  compact 

l a t e r a l   dimension  which  is  important   for  i ts   exemplary  use  

in  a  downhole  tool  where  space  is  l i m i t e d .  

The  tube  18  is  made  of  any  s u i t a b l e   m a t e r i a l ,   in  g e n e r -  

al;  however,  in  the  p r e f e r r e d   embodiment  it  is  made  of  pape r  

20  or  other  s imi la r   substance  which  can  be  p ierced  by  a  hypo-  

dermic  needle  for  i n j e c t i n g   an  adhesive  ma te r i a l   a d j a c e n t  

ends  of  b a t t e r i e s   used  to  define  the  power  supply  means  8 

as  subsequent ly   desc r ibed .   As  mentioned,  however,  such 

adhesive  m a t e r i a l   is  not  i n j ec t ed   along  the  length  of  such 

25  b a t t e r i e s   in  th is   p r e f e r r e d   embodiment.  In  a  s p e c i f i c   embo- 

diment,  the  tube  can  be  made  of  a  Nomex  paper.  Other  m a t e r -  
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i a l s   can  be  used  as  des i r ed ,   such  as  for  making  the  hous ing  

6  se l f   - p r o t e c t i v e ;   th is   is  d i s t i n g u i s h a b l e   from  the  FIG.  1 

p r e f e r r e d   embodiment  which  is  contemplated  to  be  r e t a i n e d  

wi thin   a  s epa ra te   housing  of  the  tool  with  which  it  is  to  be 

5  used,  which  s epa ra t e   housing  is  cons t ruc ted   to  withstand  t h e  

envi ronmenta l   cond i t ions   in  which  the  overa l l   tool  is  to  be 

u s e d .  

Although  as  jus t   descr ibed   the  housing  6  need  not  be 

"se l f   - p r o t e c t i v e , "   i t   is  p r o t e c t i v e   in  the  sense  that   i t  

10  r e c e i v e s   and  houses  a  p l u r a l i t y   of  b a t t e r i e s   (shown  in  FIG. 

1  to  be  four  b a t t e r i e s   30,  32,  34,  36)  defining  the  e n e r g i -  

za t ion   por t ion   of  the  power  supply  means  8.  The  b a t t e r i e s  

30,  32,  34,  36  are  l i n e a r l y   arrayed  giving  the  power  s u p p l y  

means  8  a  c y l i n d r i c a l   shape  having  the  aforementioned  o u t e r  

15  diameter   28.  The  b a t t e r i e s   of  the  power  supply  means  8  a r e  
of  any  s u i t a b l e   type,   such  as  l i t h ium  or  a lka l ine   or  s i l v e r  

oxide.   The  b a t t e r i e s   are  e l e c t r i c a l l y   connected  between  t h e  

two  e l e c t r i c a l l y   conduct ive   paths  14,  16  of  the  conduc to r  

means.  As  s c h e m a t i c a l l y   i l l u s t r a t e d   in  FIG.  2,  the  b a t -  

20  t e r i e s   30,  32,  34,  36  are  connected  in  e l e c t r i c a l   s e r i e s  

with  a  diode  38;  however,  they  can  be  connected  in  e l e c t r i -  

cal  p a r a l l e l   as  i l l u s t r a t e d   in  FIG.  9  or  in  a  s u i t a b l e  

s e r i e s / p a r a l l e l   c o m b i n a t i o n .  

For  the  s e r i a l   connect ions   i l l u s t r a t e d   in  FIGS.  1  and  2, 
25  ad j acen t   ones  of  the  b a t t e r i e s   are  connected  with  the  p o s i -  

t ive   t e rmina l   of  one  connected  to  the  negat ive   terminal   o f  
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another .   In  the  p r e f e r r e d   embodiment  this   is  done  by  s o l -  

dering  or  welding  f l e x i b l e   conductors  40,  42  toge ther   and  t o  

the  r e s p e c t i v e   t e rmina l s   44  ( p o s i t i v e ) ,   46  (negat ive)   as 

shown  in  FIG.  3  with  r e fe rence   to  b a t t e r i e s   30,  32.  The 

5  connected  conductors  40,  42  are  folded  as  i l l u s t r a t e d   and 

disposed  within  a  space  48  defined  between  the  immedia te ly  

ad jacent   b a t t e r i e s   30,  32.  FIG.  1  shows  add i t i ona l   spaces  

50  ,  52  which  rece ive   s i m i l a r l y   connected  conductors  con-  

nected  between  b a t t e r i e s   32,  34  and  34,  36,  r e s p e c t i v e l y .  

10  Through  these  descr ibed   connect ions  the  four  b a t t e r i e s  

30,  32,  34,  36  are  i n t e r c o n n e c t e d   so  that   two  overa l l   t e r -  

minals  are  def ined .   One  of  these  is  a  r e l a t i v e l y   most  nega -  

'  t ive   te rminal   54  which  co inc ides   with  the  negat ive  t e r m i n a l  

of  the  b a t t e r y   30  disposed  near  the  end  22  of  the  housing  6, 

15  and  the  other  is  a  most  p o s i t i v e   terminal   56  which  c o i n c i d e s  

with  the  p o s i t i v e   te rminal   of  the  ba t t e ry   36  disposed  nea r  

the  end  24  of  the  housing  6. 

Also  disposed  at  the  end  22  of  the  housing  6  is  the  c o n -  

nector  means  10  .  This  is  the  connector  means  which  in  t h e  

20  exemplary  use  with  a  downhole  tool  shown  in  FIG.  1  is  used  

for  mechanica l ly   coupling  with  the  mechanical  connector  of  

the  downhole  tool  so  that   the  e l e c t r i c a l   p o t e n t i a l   of  t h e  

power  supply  means  8  is  connected  there through  to  the  e l e c -  

t r i c a l   c i r c u i t   of  the  downhole  tool  4.  The  co.nnector  means 

2  5  10  includes  a  mechanical   connector  which  is  threaded  f o r  

p o s i t i v e l y   coupling  with  a  mating  connector  of  the  tool  4. 
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Of  course ,   th is   coupling  can  also  be  used  to  connect  t h e  

b a t t e r y   pack  2  to  another  ba t t e ry   pack  in  the  manner  i l l u s -  

t r a t e d   by  the  connect ion  between  the  ba t t e ry   pack  2a  and  t h e  

b a t t e r y   pack  2.  This  mechanical  connector  includes  a  con-  

5  nector   plug  58  disposed  c o n c e n t r i c a l l y   and  ax i a l l y   within  an 
outer   coupl ing  c o l l a r   60,  which  par ts   are  mechanical ly   con-  
nected  but  e l e c t r i c a l l y   i n s u l a t e d   and  which  define  the  two 

p o r t i o n s   or  t e rmina l s   across  which  the  e l e c t r i c a l   p o t e n t i a l  

of  the  power  supply  means  8  a p p e a r s .  

10  The  connector   means  10  also  includes  a  po t t ing   f i x t u r e  

62  having  a  diameter   complemental  to  the  diameter  of  the  end 

22  of  the  tube  18  so  that   the  po t t ing   f i x t u r e   62  is  r e c e i v e d  

in  and  a t t a ched   to  th is   end  of  the  tube.  The  connector  p lug  

58 / coup l ing   c o l l a r   60  combination  is  mechanica l ly   connec ted  

15  with  the  po t t i ng   f i x t u r e   62  in  a  known  manner .  

More  g e n e r a l l y ,   the  connector   means  10  can  be  of  any 
s u i t a b l e   type.  For  example,  one  a l t e r n a t i v e   is  to  use  a 

m u l t i p l e   p i n - t y p e   of  connector   wherein  the  pins  are  adap -  

t ab le   for  s e l e c t a b l e   b a t t e r y   c o n f i g u r a t i o n s   so  that   the  b a t -  

20  te ry   pack  2  can  be  connected  to  e i t h e r   the  tool  or  to  o t h e r  

b a t t e r y   packs  in  a  des i red   e l e c t r i c a l   p o t e n t i a l   or  e l e c t r i -  

cal  c a p a c i t y   c o n f i g u r a t i o n .  

Connected  to  the  oppos i te   end  of  the  tube  18  ( i . e .   ,  t h e  

end  24)  is  the  connector   means  12  which,  in  genera l ,   is  com- 
2-5  p l e m e n t a l l y   formed  to  the  connector  means  10  so  that   t h e  

co r re spond ing   connector   means  10  of  another  pack  (such  as  
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the  b a t t e r y   pack  2a  )  can  be  coupled  to  the  connector  means 

12.  In  the  i l l u s t r a t e d   embodiment  of  FIG.  1,  the  c o n n e c t o r  

means  12  has  an  outer  threaded  sleeve  64  for  t h r e a d e d l y  

coupling  with  the  i n t e r n a l l y   threaded  coupling  co l l a r   60  of  

5  the  other  b a t t e r y   pack 's   connector  corresponding  to  the  con-  

nector   means  10  .  Contained  c o n c e n t r i c a l l y   within  the  o u t e r  

threaded  s leeve  64  is  an  inner  r e c e p t a c l e   66  for  r e c e i v i n g  

the  par t   of  the  other  ba t t e ry   pack  corresponding  to  the  con-  

nector   plug  58  of  the  connector  means  10  .  Connected  a c r o s s  

10  the  po r t i ons   64,  66  of  the  connector  means  12  is  the  e l e c -  

t r i c a l   p o t e n t i a l   of  the  power  supply  means  8. 

The  connector   means  12  also  includes  a  po t t ing   f i x t u r e  

68  mechan ica l ly   coupled  with  the  s leeve  6 4 / r e c e p t a c l e   66 

combinat ion.   The  po t t ing   f i x t u r e   68  is  used  s i m i l a r l y   t o  

15  the  po t t i ng   f i x t u r e   62,  but  for  a t t ach ing   the  c o n n e c t o r  

means  12  to  the  tube  18  at  the  end  24  . 

As  with  the  connector  means  10  ,  any  s u i t a b l e   type  o f  

connector   can  be  used  as  the  connector  means  12,  but  p r e -  

f e r ab ly   it   is  one  complemental  to  the  connector  means  10  . 

20  In  gene ra l ,   the  connector  means  12  is  of  a  type  by  which  a 

s e l e c t a b l e   one  of  an  e l e c t r i c a l   s e r i e s   or  an  e l e c t r i c a l  

p a r a l l e l   c o n f i g u r a t i o n   can  be  e s t a b l i s h e d   with  a n o t h e r  

energy  source,   p a r t i c u l a r l y   one  s imi la r   to  the  ba t t e ry   pack 

2.  Fur thermore ,   both  the  connector  means  10  and  the  connec -  

2  5  tor  means  12  are  to  be  of  types  by  which  strong  mechan ica l  

connect ions   can  be  made  in  a  r ead i ly   connec t ib l e   and  d i s c o n -  
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n e c t i b l e   fashion   in  a  manner  super io r   to  such  mechan ica l  

connectors   as  banana  jacks  and  set  screws  descr ibed  h e r e i n -  

above  as  having  been  used  on  other  ba t t e ry   packages .  

The  connector   means  10  ,  12  are  connected  to  the  t e r -  

5  minals  54  ,  56  of  the  power  supply  means  8  by  means  of  t h e  

conductor  means;  th is   is  p a r t i c u l a r l y   accomplished  th rough 

the  s e p a r a t e   conduct ive   paths  14  ,  16  -  The  conductive  pa th  

14  connects  one  p o l a r i t y   or  t e rmina l   ( te rminal   56  in  t h e  

p r e f e r r e d   embodiment  )  to  the  two  connector   means  10  ,  12  ,  and 

10  the  conduct ive   path  16  connects  the  other  p o l a r i t y   or  t e r -  

minal  ( i . e .   ,  the  t e rmina l   54  )  of  the  power  supply  meanjs  8  t o  

the  two  connector   means  10,  12.  This  provides   the  e l e c t r i -  

cal  p o t e n t i a l   developed  by  the  power  supply  means  8  to  both 

connector   means  10  ,  12  .  This  is  s c h e m a t i c a l l y   i l l u s t r a t e d  

15  in  FIG.  2 .  

The  conduct ive   path  14  connects  the  p o s i t i v e   terminal   56 

(through  the  diode  38  )  to  the  connector   plug  58  of  the  con-  

nec tor   means  10  and  to  the  connector   r e c e p t a c l e   66  of  t h e  

connector   means  12.  The  conduct ive   path  14  includes  an 

20  e l e c t r i c a l l y   conduct ive   member  70  extending  through  t h e  

housing  6.  In  the  p r e f e r r e d   embodiment  the  c o n d u c t i v e  

member  70  is  a  f l a t   copper  conductor  having  a  p l u r a l i t y   o f  

folds  72  t h e r e i n .   The  folds  72  permit  the  conductive  member 

70  to  be  extended  in  response  to  s u i t a b l y   ac t ing   f o r c e s  

25  wi thout   breaking  the  e l e c t r i c a l   c o n t i n u i t y   between  the  ends 

of  the  conduct ive   member  70,  which  ends  are  shown  in  FIGS.  4 
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and  5  as  being  disposed  ad j acen t ,   but  i n su la t ed   from,  t h e  

te rmina l   54  at  the  end  of  the  ba t t e ry   30  and  adjacent   t h e  

te rmina l   56  at  the  end  of  the  ba t t e ry   36  . 

The  conductor  means  which  includes   the  member  70  a l s o  

5  inc ludes   i n s u l a t i o n   means  extending  along  the  l i n e a r l y   d i s -  

posed  b a t t e r i e s   30,  32,  34,  36  for  e l e c t r i c a l l y   i n s u l a t i n g  

the  e l e c t r i c a l l y   conduct ive   member  70  from  the  terminal   54 

(and  any  other  p o t e n t i a l s   or  t e rmina l s   other  than  the  most 

p o s i t i v e   p o t e n t i a l   appearing  at  the  te rminal   56  ).  In  t h e  

10  p r e f e r r e d   embodiment  th is   i n s u l a t i o n   means  includes  a  s t r i p  

74  of  i n s u l a t i o n   tape  adhered  to  the  b a t t e r i e s   between  t h e  

two  ends  of  the  b a t t e r y   assembly  as  i l l u s t r a t e d   in  FIGS.  4 

and  5.  For  the  exemplary  use  with  a  downhole  tool ,   such 

tape  should  be  of  a  s u i t a b l e   type  to  wi thstand  the  high  tem-  

1  5  p e r a t u r e s   found  in  wells  in  which  such  downhole  tools  can  be 

used.  One  type  of  s u i t a b l e   tape  is  known  as  Kapton  t a p e .  

With  the  s t r i p   of  tape  74  so  adhered  to  the  assembly  of  b a t -  

t e r i e s   30,  32,  34,  36,  the  e l e c t r i c a l l y   conductive  member  70 

is  d isposed  ad jacen t   th is   s t r i p   of  tape  along  the  length  o f  

20  the  b a t t e r y   assembly  as  i l l u s t r a t e d   in  the  drawings.  In  t h e  

p r e f e r r e d   embodiment  an  a d d i t i o n a l   s t r i p   of  s imi lar   i n s u -  

l a t i n g   tape  is  then  disposed  on  top  of  the  conductive  member 

70. 

FIGS.  4,  5,  6  and  7  i l l u s t r a t e   the  manner  in  which  t h e  

25  conduct ive   member  70  is  connected  to  the  r e spec t ive   p o r t i o n s  

of  the  connector   means  10,  12.  FIG.  4  shows  one  end  of  a 
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wire  76  so lde red   to  the  end  of  the  conductive  member  70 

ad j acen t   the  end  54  of  the  ba t t e ry   30,  the  other  end  of  w i r e  

76  being  s u i t a b l y   connected  to  the  connector  plug  58  ( see  

FIGS.  4  and  6).  At  the  other  end  of  the  assembly  of  b a t -  

5  t e r i e s   30,  32,  34,  36,  the  other  end  of  the  c o n d u c t i v e  

member  70  is  connected  to  the  te rminal   56  through  the  d i o d e  

38.  This  other  end  of  the  conduct ive   member  70  is  also  con-  
nected  through  a  wire  78  to  the  connector  r e c e p t a c l e   66  o f  

the  connector   means  12  (see  FIGS-  5  and  7 ) .  

10  The  e l e c t r i c a l l y   conduct ive   path  16  is  s imi la r   to  t h e  

e l e c t r i c a l l y   conduct ive   path  14,  except  tha t   the  path  16 

connects   the  other  t e rmina l   of  the  ba t t e ry   assembly  to  t h e  

i n t e r c o n n e c t i b l e   po r t i ons   60,  64  of  the  connector  means  10, 

12,  r e s p e c t i v e l y .   As  with  the  e l e c t r i c a l l y   conductive  p a t h  
15  14,  the  path  16  inc ludes   an  e l e c t r i c a l l y   conductive  member, 

th i s   one  being  des igna ted   in  the  drawings  by  the  r e f e r e n c e  

numeral  80.  The  member  80  of  the  p r e f e r r e d   embodiment  is  a 
f l a t   conduct ive   s t r i p   having  a  p l u r a l i t y   of  folds  in  i t  

s i m i l a r   to  the  folds  72  of  the  conduct ive  member  70.  The 
20  conduct ive   member  80  is  disposed  ad jacent   a  s t r i p   82  o f  

i n s u l a t i n g   tape  spaced  c i r c u m f e r e n t i a l l y   around  the  b a t -  

t e r i e s   from  the  s t r i p   74.  The  s t r i p   82  defines  an  i n s u l a -  

t ion  means  by  which  the  conduct ive   member  80  is  i n s u l a t e d  

from  the  p o t e n t i a l s   and  t e rmina l s   of  the  ba t t e ry   assembly 
25  other   than  the  p o t e n t i a l   e x i s t i n g   at  the  te rminal   54,  t o  

which  t e rmina l   54  the  conduct ive   member  is  connected  by  a 
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s u i t a b l e   means  such  as  a  conductive  s t rap  84  i l l u s t r a t e d   in  

FIG.  4.  Another  s t r i p   of  i n s u l a t i n g   tape  (not  shown)  i s  

disposed  on  top  of  the  conduct ive  member  80.  FIGS.  4  and  6 

show  that   the  end  of  the  conduct ive  member  80  at  the  t e r -  

5  minal  54  near  the  end  22  of  the  housing  6  is  connected  t o  

the  coupling  co l l a r   60  of  the  connector  -means  10  by  means  of  

a  s u i t a b l e   wire  86.  FIGS.  5  and  7  i l l u s t r a t e   that   the  end 

of  the  conduct ive   member  80  near  the  terminal   56  at  the  end 
24  of  the  housing  6  is  connected  to  the  coupling  sleeve  64 

1  0  of  the  connector  means  12  by  means  of  a  wire  88  . 
Of  p a r t i c u l a r   importance  in  th is   c o n s t r u c t i o n   of  t h e  

conductor  means  is  the  a v a i l a b i l i t y   of  the  e l e c t r i c a l   p o t e n -  
t i a l   at  both  ends  of  the  ba t t e ry   pack  2  and  the  folded  con-  
f i g u r a t i o n   of  the  conduct ive   members  70,  80.  The  former  i s  

15  of  s i g n i f i c a n c e   in  that   it  allows  for  a d d i t i o n a l   b a t t e r y  

packs  to  be  connected  in  l ine  with  the  ba t t e ry   pack  2  t o  

provide  d i f f e r e n t   t o t a l   vo l tages   and/or  c a p a c i t i e s   which  " a r e  
a v a i l a b l e   to  the  e l e c t r i c a l   appara tus   connected  through  t h e  

connector   means  10.  The  l a t t e r   is  of  s i g n i f i c a n c e   in  t h a t  
20  it  allows  the  conduct ive   members  70,  80  to  be  deformed  i n  

response  to  forces  which  might  act  on  them  within  t h e  

environment  in  which  the  b a t t e r y   pack  2  is  to  be  used.  By 

way  of  a  s p e c i f i c   example,  such  forces  can  be  present   when  a 

p e r f o r a t i n g   gun  to  which  the  ba t t e ry   pack  2  is  a t tached  i s  
2  5  ac tua ted   in  the  downhole  env i ronmen t .  

The  p r e f e r r e d   embodiment  of  the  ba t t e ry   pack  2  also  i n -  
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cludes  adhesive  means  ,  disposed  s u b s t a n t i a l l y   only  in  t h e  

spaces  defined  between  immediately  ad jacen t   ones  of  the  b a t -  

t e r i e s   30,  32,  34,  36  and  at  the  two  ends  22,  24  of  the  t ube  

18,  for  a f f i x i n g   the  b a t t e r i e s   r e l a t i v e   to  the  tube.  In  t h e  

5  p r e f e r r e d   embodiment,  epoxy  is  i n j e c t e d   through  the  tube  18 

into  the  spaces  48,  50,  52  and  into  the  spaces  shown  in  FIG. 

1  between  the  po t t i ng   f i x t u r e   62  and  the  end  54  of  the  b a t -  

tery   30  and  between  the  po t t i ng   f i x t u r e   68  and  the  end  56  of  

the  b a t t e r y   36.  This  adhesive   p revents   tw i s t ing   between  t h e  

10  b a t t e r i e s ,   provides  s t r a i n   r e l i e f   for  wires,   as  well  as  p r o -  

viding  s t r u c t u r a l   i n t e g r i t y   to  prevent   the  assembly  from 

coming  apar t   at  the  high  t empera tu res   tha t   are  e n c o u n t e r e d  

in  a  downhole  environment ,   for  example .  

Assembling  the  i l l u s t r a t e d   p r e f e r r e d   embodiment  of  FIG. 

15  1  inc ludes   connect ing  the  l i n e a r   array  of  b a t t e r i e s   30,  32, 

34,  36  in  e l e c t r i c a l   s e r i e s   so  tha t   the  two  endmost  t e r -  

minals  54,  56  are  def ined  at  oppos i te   ends  of  the  ar ray .   Of 

course ,   as  p r e v i o u s l y   mentioned,   the  b a t t e r i e s   can  a l t e r -  

n a t i v e l y   be  connected  in  e l e c t r i c a l   p a r a l l e l   or  in  a  com- 

20  b i n a t i o n   of  s e r i e s   and  p a r a l l e l .   When  connected  in  s e r i e s ,  

the  b a t t e r i e s   are  i n t e r c o n n e c t e d   as  i l l u s t r a t e d   in  FIG.  3. 

Once  the  array  of  b a t t e r i e s   has  been  c o n s t r u c t e d ,   t h e  

s t r i p s   74  ,  82  of  i n s u l a t i n g   m a t e r i a l   are  placed  l e n g t h w i s e  

along  the  b a t t e r i e s   between,  and  in  over lapping   r e l a t i o n  

2  5  with,   the  two  ends  at  which  the  t e rmina l s   54,  56  a r e  

def ined .   The  two  f l a t   e l e c t r i c a l   conduct ive   members  70,  80 
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are  then  placed  along  the  r e s p e c t i v e   s t r i p s   of  i n s u l a t i n g  

mate r ia l   and  another  layer  of  i n s u l a t i n g   mate r ia l   is  p l a c e d  

on  top  of  each  conduct ive  member  along  the  fu l l   length  of  

the  ba t t e ry   array  s imi la r   to  the  r e s p e c t i v e   u n d e r l y i n g  

5  layers   74,  82.  The  ends  of  the  conduct ive  members  70,  80 

are  bent  at  the  ends  of  the  b a t t e r i e s   as  shown  in  FIGS.  4 

and  5. 

The  wires  76,  78  are  connected  to  opposi te   ends  of  t h e  

conductive  member  70,  p a r t i c u l a r l y   to  the  end  tap  p o r t i o n s  

10  of  the  member  70  bent  l a t e r a l l y   inwardly  along  the  r e s p e c -  
t ive  ends  of  the  ba t t e ry   a r ray .   The  wires  86,  88  are  s i m i -  

l a r ly   connected  to  the  end  tap  po r t ions   of  the  c o n d u c t i v e  

member  80.  These  connect ions   are  by  so lder ing   the  wires  t o  

the  f l a t   conduct ive  members  or  by  other  s u i t a b l e   means. 

15  This  assembly,  inc lud ing   the  b a t t e r i e s ,   the  s t r i p s   of  

i n s u l a t i n g   m a t e r i a l   and  the  e l e c t r i c a l   conductors ,   is  t hen  

in se r t ed   into  the  tube  18  of  the  housing  6  to  a  pos i t i on   "as 

i l l u s t r a t e d   in  FIG.  1.  The  two  connector   means  10,  12  a r e  

then  connected  to  the  e l e c t r i c a l   conductors   so  that  t h e  

20  e l e c t r i c a l   p o t e n t i a l   of  the  power  supply  means  8  i s  

ava i l ab l e   at  each  connector   means,  and  they  are  connected  t o  

r e s p e c t i v e   ends  of  the  housing  in  a  s u i t a b l e   m e c h a n i c a l l y  

securing  f a s h i o n .  

FIG.  6  p a r t i c u l a r l y   i l l u s t r a t e s   that   the  connector  means 

2  5  10  has  a  wire  90  connected  to  the  connector  plug  58  and  a 

wire  92  connected  to  the  connector   co l l a r   60,  which  w i r e s  
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90,  92  are  so ldered   or  o therwise   s u i t a b l y   connected  to  t h e  
wires  76,  86,  r e s p e c t i v e l y ,   to  thereby  connect  the  e l e c t r i -  

cal  p o t e n t i a l   from  the  power  supply  means  8  across  the  con-  

nector   plug  58  and  the  connector   c o l l a r   60.  A  bead  of  RTV 

5  is  placed  around  the  ins ide   of  the  tube  to  block  off  t h e  

annulus  between  the  outer  diameter  of  the  b a t t e r y   30  and  t h e  
inner  diameter  of  the  tube.  The  RTV  is  allowed  to  become 

t a c k - f r e e ,   a f t e r   which  the  connector   means  10  is  a t t ached   t o  
the  end  22  of  the  housing  6  by  i n s e r t i n g   the  po t t ing   f i x t u r e  

10  62  into  tha t   end  of  the  housing  and  i n j e c t i n g   an  epoxy 
through  the  tube  wall  to  f i l l   the  void  between  the  b a t t e r y  
30  and  the  po t t i ng   f i x t u r e   62.  This  is  p r e f e r a b l y   done  w i t h  
the  tube  in  a  v e r t i c a l   p o s i t i o n   un t i l   the  epoxy  has  c u r e d .  

FIG.  7  i l l u s t r a t e s   a  s imi l a r   t echnique   by  which  the  c o n -  
15  nector   means  12  is  connected  to  the  wires  78,  88.  FIG.  7 

shows  tha t   a  wire  94  is  connected  to  the  r e c e p t a c l e   66  and  a  
wire  96  is  connected  to  the  coupling  s leeve  64.  The  w i r e s  

94,  96  are.  s u i t a b l y   connected,   such  as  by  s o l d e r i n g ,   to  t h e  
wires  78,  88,  r e s p e c t i v e l y .   The  connector   means  12  is  t h e n  

20  a t t ached   to  the  end  24  of  the  housing  6  in  a  manner  s i m i l a r  
to  how  the  connector   means  10  is  a t t ached   to  the  end  22  o f  
the  housing  6. 

Once  th is   par t   of  the  i n s t a l l a t i o n   has  been  comple ted ,  
in  the  p r e f e r r e d   embodiment  an  adhesive  m a t e r i a l   is  i n j e c t e d  

2  5  through  the  tube  18  between  immediately  ad jacen t   ones  of  t h e  
b a t t e r i e s   to  f i l l   the  spaces  48,  50,  52  with  adhesive  to  f i x  
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the  array  of  b a t t e r i e s   r e l a t i v e   to  each  other  and  r e l a t i v e  

to  the  housing  6.  The  i n j e c t i o n   is  made  with  a  s u i t a b l e  

hypodermic  needle  and  syr inge  combination  or  other  s u i t a b l e  

device.   The  spaces  48,  50,  52  can  be  found  by  p lac ing   a 

5  l i gh t   behind  the  paper  tube  of  which  the  housing  6  i s  

cons t ruc t ed   in  the  p r e f e r r e d   embodiment.  

A  f u r the r   step  of  p a r t i c u l a r   importance  in  the  p r e s e n t  

invent ion  is  that   of  p lac ing  folds  in  the  two  f l a t   conduc-  

t ive  members  70,  80  so  that   the  conductors   are  de fo rmab le  

10  ( p a r t i c u l a r l y ,   ex t end ib l e )   within  the  housing  in  response  t o  

the  a forement ioned   forces  which  might  act  upon  the  conduc-  

t ive  members  . 

In  p a r t i c u l a r   a p p l i c a t i o n s   of  the  p resen t   i nven t ion ,   t h e  

method  of  assembling  f u r the r   comprises  a t t a c h i n g   a n o t h e r  

15  e l e c t r i c a l   energy  source  to  an  a p p r o p r i a t e   one  of  the  c o n -  

nector  means  10  ,  12  so  that   the  other  e l e c t r i c a l   e n e r g y  

source  is  connected  so le ly   through  such  connector   means  " i n  

e i t he r   e l e c t r i c a l   s e r i e s   or  e l e c t r i c a l   p a r a l l e l   with  t h e  

b a t t e r i e s   connected  to  such  connector  means.  Two  p a r a l l e l  

20  c o n f i g u r a t i o n s   are  shown  in  FIGS.  8  and  9. 

In  FIG.  8,  the  ba t t e ry   pack  2  and  the  p a r a l l e l   c o n n e c t e d  

ba t t e ry   pack  2a  have  s e r i a l l y   connected  ce l l s   within  them- 

selves  so  that   a  vol tage  of  four  times  the  vol tage   of  each 

ba t t e ry   ce l l   is  provided  (assuming  the  vol tage   of  each  c e l l  

2  5  is  equal ) .   When  these  two  ba t t e ry   packs  are  connected  in  

p a r a l l e l ,   the  same  vol tage   is  provided  at  the  c o n n e c t o r  
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means  10  of  the  ba t t e ry   pack  2  (and  also  at  the  c o n n e c t o r  
means  12  of  the  b a t t e r y   pack  2a);  however,  more  capac i ty   i s  
provided  by  the  a d d i t i o n a l   c e l l s   in  the  ba t t e ry   pack  2a  (and 
in  any  f u r t h e r   p a r a l l e l   packs  which  can  be  f u r t h e r   added  t o  

5  the  connected  packs  i l l u s t r a t e d   in  FIG.  8 ) .  

In  FIG.  9,  each  b a t t e r y   pack  202,  202a  is  c o n s t r u c t e d  
s i m i l a r l y   to  the  packs  2,  2a  except  tha t   each  of  the  u n i t s  
202,  202a  has  p a r a l l e l   connected  b a t t e r y   ce l l s   within  i t .  
These  p a r a l l e l   connected  ce l l s   are  in  turn  connected  i n  

10  e l e c t r i c a l   p a r a l l e l   with  each  other  via  connector   means  212, 
210a.  Assuming  tha t   each  b a t t e r y   has  the  same  vo l tage ,   and 
tha t   th is   vol tage   is  equal  to  the  vol tage   of  each  b a t t e r y  
shown  in  the  FIG.  8  c o n f i g u r a t i o n ,   then  the  FIG.  9  c o n f i g u -  
r a t i o n   has  one - fou r th   the  vo l tage   at  i t s   connector   means 

15  210,  212a  as  is  provided  at  the  outer  endmost  c o n n e c t o r  

means  10,  12a  of  the  FIG.  8  c o n f i g u r a t i o n ;   however,  a g a i n  
the  p a r a l l e l i n g   i l l u s t r a t e d   in  FIG.  9  provides  for  an  e x p a n -  
d ible   ene rg iz ing   c a p a c i t y .  

A  s e r i a l   connect ion  between  two  b a t t e r y   packs  is  schema- 
20  t i c a l l y   i l l u s t r a t e d   in  FIG.  10  which  shows  a  more  g e n e r a l  

c o n f i g u r a t i o n   of  the  p resen t   inven t ion   in  tha t   it  is  d i r e c t -  

ly  adap tab le   for  e i t h e r   s e r i e s   or  p a r a l l e l   i n t e r c o n n e c t i o n s  
with  other  s imi l a r   packs.  This  c o n f i g u r a t i o n   includes  s i m i -  

l a r l y   c o n s t r u c t e d   packs  302,  302a  which  each  f u r t h e r   i n -  
25  eludes  a  t h i rd   conduct ive   path  98  to  which  e i t h e r   of  t h e  

p r e v i o u s l y   descr ibed   conduct ive   paths  is  s e l e c t a b l y   connec -  
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t i b l e   (these  paths  correspond  to  conductive  paths  14,  16  as 

labeled  with  the  p re f ix   "3"  in  FIG.  10 ) .  

When  one  of  the  ba t t e ry   packs  i l l u s t r a t e d   in  FIG.  10  i s  

used  by  i t s e l f ,   a  s u i t a b l e   jumper  wire  100  is  connected  b e -  

5  tween  the  conduct ive  path  316  and  the  conductive  path  98. 

To  create   a  s e r i a l   connec t ion ,   the  jumper  100  is  not  u s e d ,  

but  a  jumper  102  is  connected  between  the  conductive  p a t h  

314a  of  the  second  ba t t e ry   pack  302a  and  the  conductive  p a t h  

316  of  the  f i r s t   ba t t e ry   pack  302,  and  a  jumper  104  is  c o n -  

10  nected  between  the  conduct ive   path  316a  of  the  second  b a t -  

tery  pack  302a  and  the  conduct ive   path  98  of  the  f i r s t   b a t -  

tery  pack  302  thereby  making  the  e l e c t r i c a l   p o t e n t i a l   from 

the  e l e c t r i c a l l y   s e r i e s e d   power  suppl ies   of  the  two  b a t t e r y  

packs  a v a i l a b l e   at  the  connector   means  310  of  the  f i r s t   b a t -  

15  tery  pack  302. 

To  connect  the  two  b a t t e r y   packs  shown  in  FIG.  10  i n  

e l e c t r i c a l   p a r a l l e l ,   the  jumper  100  is  used  as  are  a  jumper 

106,  connecting  the  e l e c t r i c a l l y   conduct ive  paths  314,  314a 

toge the r ,   and  a  jumper  10&,  connect ing  the  e l e c t r i c a l l y   con-  

20  ductive  paths  316,  316a  t o g e t h e r .  

These  jumpers  can  be  implemented  in  any  s u i t a b l e   way, 

such  as  by  an  adapter   member  which  is  connec t ib l e   between 

the  connector  means  310a  of  one  ba t t e ry   pack  and  the  c o n n e c -  

tor  means  312  of  another  ba t t e ry   pack  or  by  having  the  c o n -  

2  5  nector  means  themselves  be  adaptab le   to  e f f e c t   the  jumpered 

connect ions   or  by  other  s u i t a b l e   means.  
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Thus,  the  p resen t   invent ion   is  well  adapted  to  carry  o u t  
the  ob jec ts   and  a t t a i n   the  ends  and  advantages  ment ioned  

above  as  well  as  those  inheren t   t h e r e i n .   While  p r e f e r r e d  
embodiments  of  the  invent ion   have  been  descr ibed   for  t h e  

5  purpose  of  this   d i s c l o s u r e ,   numerous  changes  in  the  c o n -  
s t r u c t i o n   and  arrangement  of  par ts   and  the  performance  of  

steps  can  be  made  by  those  s k i l l e d   in  the  a r t ,   which  changes  
are  encompassed  within  the  s p i r i t   of  th is   i n v e n t i o n .  
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CLAIMS; 

1.  An  e l e c t r i c a l   e n e r g y   s o u r c e   a p p a r a t u s ,  

c o m p r i s i n g   a  h o u s i n g   ( 6 ) ;   power   s u p p l y   means   ( 8 ) ,  

d i s p o s e d   in  s a i d   h o u s i n g ,   f o r   p r o v i d i n g   an  e l e c t r i c a l  

p o t e n t i a l ;   a  f i r s t   c o n n e c t o r   (10)   a t t a c h e d   to   s a i d   h o u s i n g ;  

5  a  s e c o n d   c o n n e c t o r   (12)   a t t a c h e d   to   s a i d   h o u s i n g ;   a n d  

c o n d u c t o r   means   (70 ,   80)  f o r   c o n n e c t i n g   s a i d   power   s u p p l y  

means   to   s a i d   f i r s t   and  s e c o n d   c o n n e c t o r s   so  t h a t   t h e  

e l e c t r i c a l   p o t e n t i a l   i s   a p p l i e d   a c r o s s   two  r e s p e c t i v e   p o r -  

t i o n s   of  e a c h   of  s a i d   f i r s t   and  s e c o n d   c o n n e c t o r s .  

10 
2.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   s a i d  

c o n d u c t o r   means   i n c l u d e s :   a  f i r s t   e l e c t r i c a l l y   c o n d u c t i v e  

member  (70)   e x t e n d i n g   t h r o u g h   s a i d   h o u s i n g   and  c o n n e c t e d  

to   r e s p e c t i v e   f i r s t   p o r t i o n s   of  s a i d   f i r s t   and  s e c o n d  

15  c o n n e c t o r s ;   and  a  s e c o n d   e l e c t r i c a l l y   c o n d u c t i v e   member   ( 8 0 )  

e x t e n d i n g   t h r o u g h   s a i d   h o u s i n g   and  c o n n e c t e d   t o   r e s p e c t i v e  

s e c o n d   p o r t i o n s   of  s a i d   f i r s t   and  s e c o n d   c o n n e c t o r s ;   a n d  

s a i d   power   s u p p l y   means   i n c l u d e s   a  p l u r a l i t y   of  b a t t e r i e s  

( 3 0 , 3 2 , 3 4 , 3 6 )   e l e c t r i c a l l y   c o n n e c t e d   b e t w e e n   s a i d   f i r s t  

20  and  s e c o n d   e l e c t r i c a l l y   c o n d u c t i v e   m e m b e r s ,   in  e l e c t r i c a l  

s e r i e s   or  in   e l e c t r i c a l   p a r a l l e l .  

3.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   2,  w h e r e i n   s a i d  

b a t t e r i e s   a r e   d i s p o s e d   l i n e a r l y   w i t h i n   s a i d   h o u s i n g   a n d  

25  s a i d ,   b a t t e r i e s   a r e   i n t e r c o n n e c t e d   to   d e f i n e   a  f i r s t  

t e r m i n a l   (56)   and  a  s e c o n d   t e r m i n a l   ( 5 4 ) ;   and  s a i d   c o n -  

d u c t o r   means   f u r t h e r   i n c l u d e s   f i r s t   i n s u l a t i o n   means   (74)   > 

e x t e n d i n g   a l o n g   s a i d   l i n e a r l y   d i s p o s e d   b a t t e r i e s ,   f o r  

e l e c t r i c a l l y   i n s u l a t i n g   s a i d   f i r s t   e l e c t r i c a l l y   c o n d u c t i v e  

30  member   f rom  s a i d   s e c o n d   t e r m i n a l   of  s a i d   b a t t e r i e s ;   a n d  

s e c o n d   i n s u l a t i o n   means   ( 8 2 ) ,   e x t e n d i n g   a l o n g   s a i d   l i n e a r l y  

d i s p o s e d   b a t t e r i e s ,   f o r   e l e c t r i c a l l y   i n s u l a t i n g   s a i d  

s e c o n d   e l e c t r i c a l l y   c o n d u c t i v e   member  f rom  s a i d   f i r s t  

t e r m i n a l   of  s a i d   b a t t e r i e s .  
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4.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   3,  w h e r e i n   s a i d  
f i r s t   i n s u l a t i o n   means   i n c l u d e s   a  f i r s t   s t r i p   of  i n s u l a t i o n  

t a p e   a d h e r e d   to   s a i d   b a t t e r i e s   f r o m   one  end  of  t h e   l i n e a r l y  
d i s p o s e d   b a t t e r i e s   to   t h e   o t h e r   end  of  t h e   l i n e a r l y   d i s -  

5  p o s e d   b a t t e r i e s ;   s a i d   s e c o n d   i n s u l a t i o n   means   i n c l u d e s  

a  s e c o n d   s t r i p   of  i n s u l a t i o n   t a p e   s p a c e d   c i r c u m f   e r e n t i a l l y  
f r o m   s a i d   f i r s t   s t r i p   of  t a p e   and  a d h e r e d   to   s a i d   b a t t e r i e s  
f r o m   s a i d   one  end  of  t h e   l i n e a r l y   d i s p o s e d   b a t t e r i e s   t o  
s a i d   o t h e r   end  of  t h e   l i n e a r l y   d i s p o s e d   b a t t e r i e s ;   s a i d  

10  f i r s t   e l e c t r i c a l l y   c o n d u c t i v e   member  i s   d i s p o s e d   a d j a c e n t  
s a i d   f i r s t   s t r i p   of  t a p e   a l o n g   t h e   l e n g t h   of  s a i d  

l i n e a r l y   d i s p o s e d   b a t t e r i e s   and  i s   e l e c t r i c a l l y   c o n n e c t e d  
t o   s a i d   f i r s t   t e r m i n a l   (56)   a t   s a i d   one  end  of  t h e   l i n e a r l y  
d i s p o s e d   b a t t e r i e s ;   and  s a i d   s e c o n d   e l e c t r i c a l l y   c o n d u c -  

15  t i v e   member   i s   d i s p o s e d   a d j a c e n t   s a i d   s e c o n d   s t r i p   of  t a p e  
a l o n g   t h e   l e n g t h   of  s a i d   l i n e a r l y   d i s p o s e d   b a t t e r i e s   a n d  
i s   e l e c t r i c a l l y   c o n n e c t e d   to   s a i d   s e c o n d   t e r m i n a l   (54)   a t  
s a i d   o t h e r   end  of  t h e   l i n e a r l y   d i s p o s e d   b a t t e r i e s .  

20  5-  A p p a r a t u s   a c c o r d i n g   to   c l a i m   1 , 2 , 3   or  4,  w h e r e i n  
s a i d   c o n d u c t o r   means   i n c l u d e s   a  f i r s t   f l a t   e l e c t r i c a l l y  
c o n d u c t i v e   member  (70)   h a v i n g   a  p l u r a l i t y   of  f o l d s   ( 7 2 )  
t h e r e i n   and  e x t e n d i n g   t h r o u g h   s a i d   h o u s i n g   a d j a c e n t   s a i d  

p o w e r   s u p p l y   m e a n s ,   s a i d   f i r s t   f l a t   e l e c t r i c a l l y   c o n d u c t i v e  

25  member   b e i n g   c o n n e c t e d   to   s a i d   f i r s t   and  s e c o n d   c o n n e c t o r s  
and   to   a  f i r s t   t e r m i n a l   (56)   of  s a i d   power   s u p p l y   m e a n s ;  
and   a  s e c o n d   f l a t   e l e c t r i c a l l y   c o n d u c t i v e   member  ( 8 0 )  

h a v i n g   a  p l u r a l i t y   of  f o l d s   t h e r e i n   and  e x t e n d i n g   t h r o u g h  
s a i d   h o u s i n g   a d j a c e n t   s a i d   p o w e r   s u p p l y   m e a n s ,   s a i d  

30  s e c o n d   f l a t   e l e c t r i c a l l y   c o n d u c t i v e   member  c o n n e c t e d   t o  
s a i d   f i r s t   and  s e c o n d   c o n n e c t o r s   and  to   a  s e c o n d   t e r m i n a l  
(54)   of  s a i d   power   m e a n s .  

6.  A p p a r a t u s   a c c o r d i n g   to   any  of  c l a i m s   1  to   5 ,  

35  w h e r e i n   s a i d   h o u s i n g   c o m p r i s e s   a  t u b e   (18)   h a v i n g   an  i n n e r  
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s u r f a c e   (20)   d e f i n i n g   a  h o l l o w   i n t e r i o r   e x t e n d i n g  

b e t w e e n   f i r s t   (22)   and  s e c o n d   (24)   end  of  s a i d   t u b e ;   s a i d  

p o w e r   s u p p l y   means   (8)  a r e   d i s p o s e d   in  s a i d   h o l l o w   i n t e r i o r  

of  s a i d   t u b e ;   s a i d   f i r s t   c o n n e c t o r   means   (10)   a r e  

5  a t t a c h e d   to   t h e   f i r s t   end  (22)   of  s a i d   t u b e   and  to   s a i d  

p o w e r   s u p p l y   m e a n s ,   f o r   m e c h a n i c a l l y   c o u p l i n g   w i t h   a  

m e c h a n i c a l   c o n n e c t o r   of  t h e   d o w n h o l e   t o o l   so  t h a t   t h e  

e l e c t r i c a l   p o t e n t i a l   of  s a i d   power   s u p p l y   means   can  b e  

c o n n e c t e d   t h e r e t h r o u g h   to   t h e   e l e c t r i c a l   c i r c u i t   of  t h e  

10  d o w n h o l e   t o o l ;   and  w h e r e i n   s a i d   s e c o n d   c o n n e c t o r   m e a n s  

(12)   a r e   a t t a c h e d   to   t h e   s e c o n d   end  (24)   of  s a i d   t u b e   a n d  

to   s a i d   power   s u p p l y   means   ( 8 ) ,   f o r   m e c h a n i c a l l y   c o u p l i n g  

w i t h   a n o t h e r   s o u r c e   of  e l e c t r i c a l   e n e r g y   s i m i l a r   to   t h i s  

s a i d   s o u r c e   of  e l e c t r i c a l   e n e r g y .  

15 

7.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   6,  w h e r e i n :   s a i d  

p o w e r   s u p p l y   means   has   a  c y l i n d r i c a l   s h a p e   h a v i n g   a n  

o u t e r   d i a m e t e r   ( 2 8 ) ;   and  s a i d   i n n e r   s u r f a c e   of  s a i d   t u b e  

has   an  i n n e r   d i a m e t e r   (26)   s u b s t a n t i a l l y   e q u a l   to   s a i d  

20  o u t e r   d i a m e t e r   of  s a i d   power   s u p p l y   means   so  t h a t   t h e  

o u t e r   d i a m e t e r   of  s a i d   t u b e   i s   s u b s t a n t i a l l y   m i n i m i z e d .  

8.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   6  or  7,  f u r t h e r  

c o m p r i s i n g :   f i r s t   a d h e s i v e   m e a n s ,   d i s p o s e d   in  s a i d   t u b e  

25  at   t h e   f i r s t   end  t h e r e o f ,   f o r   a f f i x i n g   s a i d   f i r s t   c o n n e c t o r  

means   and  s a i d   power   s u p p l y   means   to   s a i d   t u b e ;   a n d  

s e c o n d   a d h e s i v e   m e a n s ,   d i s p o s e d   in  s a i d   t u b e   at   t h e   s e c o n d  

end  t h e r e o f ,   f o r   a f f i x i n g   s a i d   s e c o n d   c o n n e c t o r   means   a n d  

s a i d   power   s u p p l y   means   to   s a i d   t u b e .  

30  

9.  A p p a r a t u s   a c c o r d i n g   to   any  of  c l a i m s   1  to   8 ,  

w h e r e i n   s a i d   s e c o n d   c o n n e c t o r   means   i n c l u d e s   means   f o r  

c o n n e c t i n g   t h i s   s a i d   s o u r c e   of  e l e c t r i c a l   e n e r g y   in  a  

s e l e c t a b l e   one  of  an  e l e c t r i c a l   s e r i e s   or  an  e l e c t r i c a l  

35  p a r a l l e l   c o n f i g u r a t i o n   w i t h   s a i d   a n o t h e r   s o u r c e   of  e l e c -  

t r i c a l   e n e r g y .  
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!O.  A p p a r a t u s   a c c o r d i n g   to   any  of  c l a i m s   1  to   9 ,  
w h e r e i n   s a i d   f i r s t   and  s e c o n d   c o n n e c t o r s   a re   c o m p l e -  
m e n t a l l y   s h a p e d   so  t h a t   a  p l u r a l i t y   of  s a i d   e l e c t r i c a l  

e n e r g y   s o u r c e s   a r e   i n t e r c o n n e c t i b l e .  
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